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How Meaningfulare Statementsabout the
DesiredNumber of Additional Children?
An Analysisof 1968 PakistaniData
M. ALl KHAN andI. SIRAGELDIN*
In thispaperwepresenta methodologyfor studyingthedesirednumberof
additionalchildren.Our methodologyinvolvesa generalizationof ourearlierwork
andanapplicationof theestimatorproposedby Heckmanandthetwo-stagesimul-
taneousTobit estimatorproposedby NelsonandOlson.
Recentanalysesof desiredadditionalfertilityhavelimitedthemselvesto a
dependentvariablewhichis dichotomous,takingthevalueof oneif therespondent
wantsadditionalchildrenandof zerootherwise.lHowever,thesestudiesignorethe
informationwhichis typicallyavailable.It is usualin mostKAP surveys2to follow
upa respondent'sresponseindicatinghis/herwillingnessto haveadditionalchildren
by a furtherquestionasto theirdesirednumber.Anyestimatesbasedonreducing
theseresponsesto asinglenumberareobviouslyinefficient.It istheobjectof this
paperto providestimates,basedon 1968Pakistanidata,whicharefreefromthese
difficulties.
Suchcorrectedestimatesareof morethanapurelytechnicalimportance.The
desiretohaveadditionalchildren,AC~hasbeenusedtostudyatleasthreesubstan-
tiveissuesandourestimateshaveobviousimplicationsfor eachof them.Firstly,
Namboodiri[25] and,followinghim,others3havearguedthattheeffectof socio-
economicvariableson fertilitycanbemoreeffectivelygaugedbystudyingAC rather
*Dr. Khan andDr. Sirageldinare Professorsat the Johns HopkinsUniversity,Baltimore
(Md., USA), the former in the Departmentof Political Economy, and the latter in the
Departmentsof PoliticalEconomyandPopulationDynamics.Theyaredeeplyindebtedto Susan
Cochranefor a carefulreadingof themanuscriptandfor her constructivecomments.Theyalso
thank Lou Maccini,N.K. Namboodiri,Rob SeidmanandJulian Simonfor encouragementand
helpfuldiscussions.Their fmalacknowledgementis to Dave.Binkofor computationalassistance.
The researchreportedin thispaperwassupportedin partby aWorldBankGrant.Theviewsex-
pressedhere,aswellasanyerrors,aresolelyof theauthors.
lSee, for example,Namboodiri[24; 26), RosenzweigaridSeiver[29), McFadd~n[22],
andKhan andSirageldin[13; 14). All thesepapersattemptto go beyondd.escriptivec1assifj.-
cationtables.Ifwe includepaperswithsuchdescriptiveanalyses,theliteratureisvoluminous.
2Asiswellknown,KAP standfor knowledge,attitudesandpractice.
3Seereferencesin Footnote1.
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thancompletedfamilysize. Secondly,McFadden[22] andKhanandSirageldin
(14]haveusedAC to quantifyson-preference.4Thirdly,KhanandSirageldin[13J
haveusedAC to studyintrafamilyinteraction.Thefactthatallof theseissuesare
interrelatedhardlyneedsemphasis.
Ouranalysisandresultsalsohaveabearingontwofurtherquestions.They
shedlightonhowcrediblenumericalresponsesareto questionsconcerningthede-
siredadditionalfertility.Further,theycanbeseenasaninvestigationof thedeter-
minantsof theseresponses,andsuchaninvestigationisimportantsincemeasuresof
desiredadditionalfertilityarebeingincreasinglyinvestigatedaspredictorsof actual
subsequentfertility.5
Thepaperis dividedintofivesections.Sections1and2 elaborateourmetho-
dology. The first is devotedto a discussionof thetheoreticalmodelwhilethe
seconddescribestheestimatingmethods.Sections3 and4 presentheempirical
results.Thelastsectionsummarizesour salientfindingsrelatingtohusband-wife
interactionandson-preference.
1. THE THEORETICAL MODEL
Themodelis basedon KhanandSirageldin[13] but hereweconsiderably
sharpenandextendtheideaspresentedthere. Thebasicideais suggestedby the
partialadjustmentmodelwhichisextensivelyused,forexample,inempiricalstudies
of thefirm'sbehaviour.In our context,themodelsuggestshehypothesisthata
particularrespondent'sdesiredchangein thenumberof theexistingstockofchildren
dependson(i) thediscrepancybetweentheidealandactualnumbersof (a)boysand
(b) girlsand(ii) thespouse'sdesiredchangein thenumberof theexistingstockof
children.Moreformally,wehave
* * * *
NACw = AWB(B-Bw) + AWG(G-Gw) + p-wNACH
* * * *
NACH = AHiB-BH) + AHG(G-GH) + P-HNACw
.. (1.1a)
.. (Ub)
* * *
whereNAC. denotesthedesiredchangeandB. andG. thedesirednumberofboysJ J I
andgirlsrespectively,all thesevariablespertainingto theith respondentwhomaybe
the wife (W) or thehusband(H). B andG arethenumbersof livingboys andgirls.
Two pointsneedto be emphasizedin the specification(1.1).The first is thatall the
variablesneedto be qualifiedby a subscriptt signifyingthe timeof interview.The*
secondis thatNAC i canbepositiveor negative,i.e. thephrase"desiredchangein the
4Theson-preferenceissuehasbeenmuchdiscussed,especiallyin thelastfiveyears;see
KhanandSirageldin[13J ,fordetailedreferences.
5SeeBlake[4J, Coombs[6J, Bumpass[5J, Kruegel[15J,Freedmanetal. [7],Westoff
andRyder[35J, andHermalinetaL [10J, amongothers. .
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existingstockof children"ispurposelychosen.But,ofcourse,NAC;isanunobserv-
ableor, to putit morefashionably,a latentvariable.Foronething,theinterviewers
do not asktherespondentswhethertheywantto diminishtheirexistingstockof
childrenand,for another,suchananswerwouldnot be forthcomingevenif the
situationwarrantedit.6 However,if desiresareto be meaningfulregulatorsof
fertilitybehaviour,theymustbeasrelevantto thesituationsinvolvingexcessesas
theyareto thoseinvolvingdeficits.Theassumptionthatth.;:ydohavesucha rele-
vancerepresentstheessentialnoveltyof ourapproach.
However,we haveyet to facethequestionasto whatobservablevariables
underlietheunobservableNAC*j"Theanswertothisisclear.Thesearethevariables
NACi denotingthedesirednumberofadditionalchildren.
Wethushave
*
NAC. =NAC.
J I
*
ifNAC.>O
J
(i =W,H);
=0
*
ifNACi'S 0 (Uc)
Thespecificationof ourbasichypothesisnowcomplete.However,it merits
furtherexplanationi termsofanalternativespecificationwhichwedonotpropose.
Thisisgivenby
* *
NACw = AwiB-Bw) + AWG(G-Gw)+ p-wNACH ifRHS > a;
}
(1.2a)
if RHS > 0;
}
(1.2b)
=0 otherwise
* *
NACH = ~B(B-B H) + AHG(G-GH) + P-HNACw
=0 otherwise
Asweshallseesubsequently,thespecification(1.2)givesrisetoestimationproblems
of akinddifferentfromthoseof (1.1).Whatshouldbenotedhereistheconceptual
differencebetweenspecifications(1.1)and(1.2). In (1.2)a respondent'sdesired
. I
I
6This is not to saythat it is impossibleto constructmeasureswhichmeasuredecreased
desiredfertility. If "stocks" weretakento indicatesomevalueunitsandnot merelyphysical
units,say,a weightedaverageof both qualityandquantityof children,thentheideaof varying
thestockof child servicesin bothdirectionsbecomesconceptuallyandsociallyfeasible.Simply,
parentswould adjusttheir inputsin the productionof childrenin orderto increaseor decrease
the total "value"of theircurrentstock.Suchconceptualandpossibleempiricalextensionis left
for future investigation.For purposesof this study,it is assumedthat the optionof adjusting
child quality is not a feasibledecisionparameterfor parentsin thePakistanisocialcontext.In
anycase,thedatalimitationsbarsuchanextension.
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j( X.. b.)If I
mji =1- F(Xij b;J
i =W,H (2.1)
wheref andF, respectively,arethedensityanddistributionfunctionsof thestand-
ardnormaldistribution,andXij representsthevaluesof theexogenousvariabesfor
the/thobservation.
Onceweobtainthemji' wearereadyforthesecondstage.Thisconsistsin
excludingall observationsfor whicheitherof our dependentvariableshasa zero
value.Thetwo-stagel astsquaresarerunon thissubsamplewithmwandmHas
additionalexplanatoryvariablesoccurringin bothequations.Thisyieldsconsistent
estimatesfor all thestructuralequationparametersof themodel.However,the
standarderrorsof all theseestimatesarebiasedand,hence,noconfidencecanbe
placedin testsof significance.12For these,whatis calledfor is a full information
method13to beusedinthesecondstage.Thiswasbeyondourcomputationalability
and,hence,wasnotpursued.At anyrate,thetwo-stageTobitestimatorof Nelson
andOlson[27]istailor-madeforourmodel.
The referencesfor Tobit estimatorsare Tobin [34] andAmemiya[3].
Thelattergivesacomprehensivetr atmentandthereis nopointin repetitionhere.
Thereaderis particularlyreferredto thelikelilioodfunctiongivenasequations(3.1)
and(3.2)in Amemiya'spaper.Thisis maximizedwithrespecttotheparametersto
obtainthemaximumlikelilioodnormalequations.TheTobitestimatorsarethe
rootsof these quations,andtheyarecalculatedby aniterativeNewton-Rapheson
procedurewith 0.00001as thetolerancelevel. As Amemiyahasshown,these
estimatesarestronglyconsistentandasymptoticallynormalwiththeirvariance-
covariancematrixequalto thematrixof seconderivativesof thelogarithmof the
likelilioodfunctionevaluatedatthepointofmaximumlikeliliood.Usingthismatrix,
t-testscanbeusedto testsimpleregressorhypotheses.It shouldalsobenotedthat
dueto thenon-linearnatureof themodel,theeffectofaunitchangeinanexplana-
toryvariableonthedependentvariabledependsontheparticularvalueof thevector
of theexplanatoryvariables.In thesequelweshallbe reportingsuchchanges
evaluatedattheaveragevaluesof theexplanatoryvariables.
Oncewe understandthe Tobit estimator,thelogicof thetwo-stageTobit
estimatorof NelsonandOlson[27]is straightforward.Beforedescribingthis,it is
wellto statethatsuchanestimatorhasbeenfurtherstudiedbyAmemiya14[1] and
comeswithinthegeneralclassof two-stageanalogues[20].Theideaisidenticalto
thatunderlyingtheconventionaltwo-stageleast-squaresestimator.Theidentifica-
tioncriteriaarepreciselythesame.Thefirststageistogetthereducedformofthe
from our sampleall thoseobservationsfor whichNAC. =O. TheformerprocedureI
wouldleadto biasedestimatesandthelatterproceduresuffersfromthe'censored
sample'problem,9well knownespeciallyto laboureconomists.Simplyput,the
essenceof thisproblemis thatdeterminantsof thenumberof additionalchildren
arepreciselythosethatgoverntherespondent'sdesireto reduceorkeepunchanged
theexistingstockof children,and,by excludingsuchrespondents,wearethrowing
awayinformation.Thusthemethodof ordinaryleastsquaresi notsuitableandwe
haveto applyTobitestimators.Thesewill bedescribedpresentlybutatthispoint
wehaveto faceupto theproblemwelaidasideat thebeginningof thisdiscussion,
namely,theproblemof simultaneity.It is in anattempto overcomebothof these
difficultiesthatweshallberelyingontwoestimatingmethods.Thefirstisthetwo-
stage stimatordueto Heckman[8;9] andfurtherstudiedby Lee[16]andLee
etal. [17].1° Thesecondis thetwo-stageTobitestimatorproposedbyNelsonand
Olson[27] andfurtherstudiedby amemiya[1]. For thesakeof comparison,we
shallalsobepresentingtwo-stagel ast-squaresestimate.s11of theparametersofour
model.
Theideaof Heckman'sestimatorcanbesimplydescribed.It isanattemptto
allowfor theselectivitybiasthatis introducedif werunordinaryleastsquareson
thesubsampleforwhichthedependentvariableis positive.In termsof ourearlier
discussion,it introducesadditionalexplanatoryvariablesto eliminatethecensored
sampleproblem.Thegenerationof theseexplanatoryvariablesconstitutesthefirst
stagein Heckman'sestimator.Whatoneis afteris theprobabilityof adependent
variabletakingthevalueof zero. Thiscanbeestimatedthroughprobitanalysis.
Sinceprobitanalysishasalreadybeenusedinourearlierwork[14],wecanaffordto
bebriefhere.Forbothhusbandandwife,thedependentvariablesNACi arereduced
into dichotomousvariablesAC. whichtakethevalueof 1 if therespondentwantsI
additionalchildrenandof zerootherwise.AC. is thenregressedonallof theexo-I
genousvariables.Let thenormalizedprobitestimatesof thecoefficientsof their
parametersbedenotedby thevectorsbHandbw' Wethencalculateforallpositive
observations/,andforeachspouse,theinverseof theMillsratio,i.e.thevariables
9SeeMaddala[20;21] for expositorysurveys.
l°It is worth drawingthe reader'sattentionto thefactthatthemodelin Leeetal. [16]is
not generalenoughto coverour specification(1.4). The problemliesin thattheswitchingof
regimesis basedon a singlevaluedcriterion.Neverthelesswe givethisreferencebecauseit is the
only comprehensiveattempt to calculatethe variance-covariancematrix of the Heckman
estimatorsin a multivariatecontext.
lISee, for example,Maddala[19].
12SeeespeciallyHeckman[9] for moredetails.
13Forinstance,thethree-stageleastsquaresestimator.For this,see,for example,Maddala
[19].
14Amemiyastudiesa two-equationmodelwith one of the endogenousvariablesbeing
continuous.However,asAmemiyapointsout, theextensionto thegeneralcasepresentsno new
conceptualproblems.
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modelandestimateachequationby theTobitmethoddescribedearlier.These
estimatedequationsareusedto obtainpredictedvaluesof eachof theendogenous
variables.In thesecondstage,thestructuralequationsareestimatedagainby the
Tobitmethodbutwiththepredictedvaluesubstitutedfor eachof theendogenous
variableswhenthelatterareincludedasindependent,explanatoryvariables.
Weconcludethissectionwithtwofurtheremarks.Thefirstisajustification
of theuseof theHeckmanestimatorwhenwearealreadyusingtheNelson-Olson
estimator.Thisliesin thefactthattheNelson-Olsonestimatorisnotthebestasymp-
toticallynormalestimator.Indeed,Amemiya[1] discussesoneestimatorwhich
alwaysperformsbetterthantheNelson-Olsonestimatorfor a specificmodeland
anotherwhichcannotberanked.Oursecondremarkrelatestoanalternativesimul-
taneous-equationgeneralizationof the multivariateTobit modeldiscussedby
Amemiyaf2]. Theestimatorsheproposesinhispaperarerelevanttotheestimation
of a modelsuchastheonegivenin equations(1.2a)and(1.2b).Sincewedonot
makeuseof thisspecificationhere,wereferthereaderto Amemiya'spaperfor a
detailedtreatment.
Thenumberofadditionalchildrenbythewife(husband).
This informationwaselicitedfromall respondentswho
answeredaffirmativelythequestion"Do youwantany
(more)children?"
It isworthemphasizingthatthevariablesNACihavenothingtosayaboutspac-
ingof thesedesiredadditionalchildren.The NACi pertainto theperiodfromthe
timeof interviewto theendof thereproductivelifecycle.It isbecauseof thisthat
theAsin (1.1)andin (1.4)pertaintoaonce-and-for-alladjustment.
In keepingwithourdiscussioni SectionI, weattempto explainthevaria-
tionin thedependentvariablesNACi by a varietyof economic,demographicand
sociologicalvariables.15 Wepresenteachin turn.
NACw (NACH):
EconomicVariables
ADW(ADH): Dwnmyvariablewhichtakesthevalueof 1if thewife(husband)
consideredtheirincomeduringthE;past12monthsadequateor
morethanadequate,andof zerootherwise.
3. DATASOURCESANDDEFINITIONSOF VARIABLES DemographicVariables
AF: Ageof wifeinyears.
A : Ageof wifeatmarriageinyears.Notethatallrespondentsin the
samplehavebeenmarriedonlyonce.
Numberof livingboys.
Numberof livinggirls.
B:
G:
Thepaperis basedondatacollectedaspartof anationalsurvey,theImpact
Survey,in WestPakistan(nowPakistan)in 1968-69. Fora full descriptionof the
survey,see[18], SirageldinandHardee[33]andSirageldin[32].Thesurveywas
designedto elicitinformationonknowledge,attitudesandpracticeof familyplan-
ning. It alsoobtainedpregnancyhistoriesandsomedetailsonbackgroundsocio-
economicvariablesof a sampleof ever-marriedwomenin2,500households.About
halfof thehouseholdswererandomlyselectedfor anindependentinterviewingof
thehusbandsof currentlymarriedwomen.A tr:>talof 1,027husbands'interview
schedulesweresuccessfullymatchedwiththeirwives'schedules.It is onthissub-
sampleof marriedcouplesthatthepresentpaperis based.A comparisonof the
responsesof all therespondentsin thesurveywiththoseof thesubsampleof the
couplesusedin thisstudyshowsnosystematicdifferencesand,therefore,doesnot
raisemajorconcernsabouttherepresentativenessof thesubsample;formoredetails
onthis,seeN. Shah[31].Thesampleusedincludesacross-sectionf ruralaswellas
urbancouplesandis, therefore,morecomprehensivethanthosein mostof the
studiesconductedonthissubjectanywhere,andmorecomprehensivethanthoseof
mostof thesurveysin thispartof theworld.
Wenowpresenthevariablesthatareusedin thesubsequentanalysis.We
beginwith a descriptionof our dependentvariableswhichquantifythedesired
changesin theexistingstockof children.
Thenexttwovariablescanbebetterdescribedif wementionthecorrespond-
ing questionsthatwereasked.Thefirstquestionwas,"Whatis theappropriate
numberof childrenfor a familylikeyours?"Forthosewhogaveanumericalvalue,
thefollow-upquestionwas, "Howmanyof thesewouldbeboysandhowmany
girls?"Theanswerto thisquestiongaveusameasureof thenumberofboysandgirls
consideredi eal.Hence,wehave
B'W(Bn): Numberof boysconsideredi ealbythewife(husband).
G'W(Gn): Numberofgirlsconsideredi ealbythewife(husband).
DBW(DBH): B'W- B (Bn - B)
DGW(DGH):G'W-G(Gn-G)
15Theselabelsarefor classificatorypurposesonly. Oneof theinsightsof theChicago-
Columbiaapproachis preciselythatsociologicalvariables uchaseducationof thewife canbe
viewedasproxiesof economicvariables.On this,seein particularKeeley[11]. For anopposing
viewpoint,seeLeibenstein[18].
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SociologicalVariables
Table 1
4. THE RESULTS
EM:
EF:
Educationofhusbandinye'ars.
Dummyvariablewhichtakesthevalueof 1if thewifeis"literate"
andofzerootherwise.
Dummyvariablewhichtakesthevalueof 1if therespondentlives
inanurbanareaandofzerootherwise.
Dummyvariablewhichtakesthevalueof 1if therespondenthas
anuclearfamilyandof zerootherwise.
Almostall of theanalysesreportedbelowarecarriedoutona subsampleof
womenwhomarriedonlyonce,werecurrentlymarriedandwereunder40yearsof
age.Theagerestrictionisimposedtogivegreaterprominencetobehavioural,rather
thanbiological,variables.Wealsoexcluded,in addition,couples,eitherof whose
memberscouldnotgiveayes-oronoanswerto thequestionunderlyingthevariables
NACi or anumericalresponsetothequestionunderlyingDBiandDGi'Thisreduces
oursubsampleto804.
U:
N:
To begin with, we ignorehusband-wifeinteractionand comparesingle-
equationTobitestimateswiththeirprobit versions.In otherwords,weaskhow
muchof a differenceis madetotheanalysisof thereduced.formequationswhenwe
usetheadditionalinformationcontainedin thedependentvariableNACi asopposed
toitsdichotomizedversionAC,
I
Thefirstpointto benotedin favourof theTobitmodelis thatit is more
usefulfor studyingtheeffectofmarginalchangesin theexplanatoryvariables.With
ACi for amarginalchangein aparticularexplanatoryvariable,allwecancalculateis
thecorrespondingchangein theprobabilityof ACi takingagivenvalue,typically
zeroor one. Sucha statisticis difficultto interpret,especiallyfor policymakers.
WithNACi for a marginalchangein anyexplanatoryvariable,wecanobtainthe
correspondingchangein theexpectednumberof childrendesiredbytherespondent.
However,whatis a moreinterestingquestionis whethertheuseof NACi
causesqualitativechangesinanyofourpreviousfmdings.Table1reproduC'esprobit
estimatesfromKhanandSirageldin[13] andcomparesthemwiththeTobitesti-
mates.It is clearthattherearenorealsurpriseshere.Beginwithwives'equations.
Exceptfor husband'seducation,EM, andwife'sageat marriage,A, all variables
increasein significance.TheA continuestobesignificantin theTobitrunbutthisis
notso for EM. For thehusbands'equations,urbanization,U, is significantin the
Tobit runandwiththeexpectedsignandthecoefficientsof therelati,yeincome
variables.TheADH andADW furtherdecreaseinsignificance.Theh\lsbands'equa-
tionsalsobringoutourearlierpointregardingthesuperiorityof theTobitmodelfor
calculatingtheeffectsof marginalchangesiq theexplanatoryvariables.Educationof
1Figuresin bracketsdenotet-statistics.
2AC.aredichotomousvariablesandNAC. aretruncatedvariables.Accordinglytheestima-I I
torsarerespectivelyProbit andTobit.
3V is a dichotomousvariablewhich takesthe valueof 1 if the wife observespurdah(i.e.
veilsherself)andof zerootherwise.
A Comparisonof ProbitandTobitEstimatesof the
ReducedFormEquationsl
Wives'Equation2 Husbands'Equation2
IndependentVariables.
ACw NACw ACH NACH
(1) (2) (3) (4) (5)
Intercept 0.940 3.646
3.05 4.003
(2.46) (4.66) (0.07) (5.41)
ADH -0.139 -0.356 0.125 0.059
(1.71) (1.83) (1.52) (0.38)
ADW -0.164 -0.570 0.126 0.053
(1.56) (2.44) (1.07) (0.25)
AF -0.032 -0.088 -0.063 - -0.079
(2.92) (3.68) (5.13) (3.49)
A 0.062 0.112 0.012 0.036
(2.92) (2.61) (0.51) (0.90)
B -0.391 - LOOO -0.455 -0.905
(8.27) (8.96) (9.26) (8.82)
G -0.140 -0.484 -0.180 -Q.452
(3.00) (4.41) (3.72) (4.47)
EM -0.488 -0.004 0.017 -0.000
(2.46) (1.23) (0.07) (0.02)
EF 0.070 -0.431 -0.610 -0.103
(0.34) (0.93) (2.79) (0.25)
N 0.021 -0.273 -0.118 -0.166
(0.20) (1.l6) (1.02) (0.76)
U -0.138 -0.411 -0.044 -0.450
(1.25) (1.71) (0.35) (2.00)
V3 -0.046 40.061 -
(1.28) (1.52)
Logof Likelihood -128 -1128 -182 -1191
LastDegreesof Freedom 11 10 11 10
Numberof Observations 804 804 804 804
Meanof Depend.Var. 0.51 1.387 0.68 1.468
Numberof Limit Obs. - 427 - 393
StandardErrorof Reg. - 2.641 - 2.531
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thewife,EF, is significantatmorethanI-percentlevelinbothmodels,butit isthe
Tobitestimatethatbringsoutclearlyitsirrelevanceforpolicy.Everythingelsebeing
constant,a changein thestatusofawifefrombeingilliteratetoliterate(achangein
thevalueof EF fromzeroto unity)causesanegligiblebutstatisticallysignificant
changein theexpected,desirednumberof children.But,of course,thesearere-
duced-formestimatesandweshallseein thesequeltheextentowhichtheydiffer
fromstructuralestimates.
Theestimatespresentedin Table1 alsogivesupporto thepointof viewthat
statementsabouthedesirednumberofadditionalchildrencontainvaluableinforma-
tiondeservingof furtheranalysis.Giventhequantativesimilaritybetweentheprobit
andTobitfindings,it isdifficulttoargue,it seemstous,thatNACi representrandom
andoff.the-cuffanswersbyrespondentstryingtogettheintervieweroff theirbacks.
Thisisespeciallysoif oneregardstheiryes-noanswersascredible.
Tables2 and3'aremoredetailedanalysesof thesingle.equationwifeand
husbandmodels.Column1of eachtab1ehasalreadybeendiscussed.Columns2
and3 in eachtablerepresentanattempto estimatespecification(1.1)without
husband-wifeinteraction,i.e. withPi = 0 andwith the differencebetweenthe
idealandactualnumbersofboysandgirlsastheprimaryexplanatoryvariables.The
conceptualproblemswith this specificationhavealreadybeendiscussed,butwe
presentheseestimatesforthoseof ourreaderswhowouldneverthelessliketo see
whatdifferenceis madeto theanalysisby incorporatinginformationwhichis typi-
callynotavailablein, say,thetheoryof thefirm,i.e.informationondesiredstocks.
Theresultsarenotencour~gingandthenegativesignof thecoefficientsofDGWand
DGH arepuzzling.However,thesecanbeexplainedthroughproblemsof multi-
collinearity.It is clear,andpreliminaryrunsnotreportedherebearit outfurther,* *
thatBand G areinstrumentalvariablesforBi andGi' Giventhis,ourequationscan
beseenassufferingfromaspecificationbiasin thattheyuseanindependentvariable
alongwithitsinstrumentandconstraintheircoefficientsobeequalandoppositein
sign. It is for thisreasonthatwedonotpursuespecification(1.1)anyfurtherin
termsof incorporatingasimultaneousstructure.
Columns4 inTables2and3representanaiveattempttoincorporatehusband-
wifeinteraction.It is naivebecauseall theestimatessufferfromasimultaneous-
equationbias.Nevertheless,thestatisticalsignificanceandmagnitudeof thecoeffi-
cientofNACH in theequationforNACWandviceversabringoutclearlytheneed
forananalysisofasimultaneous.equationm del.
Wenow turn to theprincipalresultsof thispaper,i.e.thosepresentedin
Tables4and5andpertainingtothesimultaneous.equationm del.Thespecification
of themodelalongwiththeexpectedsignsis presentedin Figure1. Ourspecifica-
tionis dictatednotonlyby theunderlyingtheorybutalsobypreviousworkof the
authors;seeKhanandSirageldin[13;14].
lFiguresin bracketsdenotet-statistics.
2The negativeof twice log. likelihoodis distributedasa chi-squarewith thedegreesof
freedomgivenin therowabove.
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Table 2
Demandfor AdditionalChildreninPakistaniWives:
SingleStageTobitEstimatesl
IndependentVariables Equation1 Equation2 Equation3 Equation4
Intercept 3.646 3.405
3.370 2.860
(4.66) (4.21) (4.08) (3.52)
ADH -0.356 -0.370 -0.368 -0.354
(1.83) (1.84) (1.83) (1.85)
ADW -0.570 -0.708 -0.706 -0.558
(2.44) (3.09) (3.03) (2.41)
AF -0.088 -0.215 -0.214 -0.078
(2.68) (11.07) (10.97) (3.23)
A 0.112 0.237 0.237 0.109
(2.61) (5.87) (5.86) (2.58)
B -1.000 - -0.913
(8.96) (8.09)
G -0.484 - -0.429
(4.41) (3.91)
EM -0.004 -0.005 -0.004 -0.004
(1.23) (1.39) (1.37) (1.21)
EF -0.4 31 -0.508 -0.505 -0.420
(0.93) (1.12) (1.11) (0.92)
L - - -
N -0.273 -0.522 -0.520 -0.242
(1.16) (2.27) (2.26) (1.04)
U -0.411 -0.437 -0.439 -0.347
(1.71) (1.84) (1.84) (1.45)
NACH - 0.198
(3.07)
DBH - - 0.017
(0.22)
DGH - 0.017
(0.13)
DBW - 0.474 0.468
(5.90) (5.56)
DGW - -0.758 -0.755
StandardError of Reg.
(9.17) (8.91)
2.641 2.633 2.633 2.615
LostDegreesof Freedom 10 10 12 11
Log of! Likelihood -1128 -1131 -1131 -1123
Numberof Observations 804
MeanandStandardDev. 1.387
ofDep. Var. (1.834)
Numberof Limit Obs. 427
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Table 4
Demandfor AdditionalChildrenin PakistaniWives:
Simultaneous-EquationEstimatesl,2
Two StageLeast HeckmanTwo-StageEstimates4 TheTwo-StageTobit Esti-
SquaresEstimates mates
IndependentVariables
OLS3 OLS3 ssf32SLS 2SLS 2SLS 2ST PartialDerivatives
atPointof Means
Intercept 3.155 -19.778 5.171 0.566 0.386 3.747 3.120 1.454 t:I
(4.83) (3.60) q.
ADH -0.169 -0.093 0.146 -0.126 -0.101 -0.341 -0.380 -0.177
(2.11) (0.89) (0.51) (0.65) (0.71) (1.77) (1.94)
ADW -0.268 -0.333 0.294 -0.229 -0.190 -0.570 -0.604 -0.282 3"'"
(2029) (2.73) (0.76) (0.76) (0.89) (2.44) (2.58)
AF -0.057 0.305 -0.114 -0.009 -0.003 -0.900 -0.102 -0.048
(4.61) (1.01) (3.33) (0.22) (0.12) (3.75) (4.00)
:t.
S;
A 0.061 -0.043 -0.009 0.065 0.061 0.104 0.997 -0.046 ....
(2.73) (0.50) (1.18) (1.50) (2.65) (2.46) (2.36)
o'
[
B -0.340 1.692 -1.307 -0.240 -0.175 -1.024 -1.049 -0.489
(7.06) (1.00) (3.22) (0.55) (0.67) (9.23) (9.13)
G -0.188 1.081 -0.904 -0.053 -0.014 -0.501 -0.520 -0.242
(3.81) (1.02) (4.51) (0.20) (0.09) (4.59) (4.63)
EM -0.002 - 0.001 - - -0.005
(1.19) (0.27) (1.62)
mw
- -4.029 -0.580 -0.825
(1.42) (0.35) (0.84)
m. - - 9.447 -H
(2.88)
U -0.279 1.424 -0.798 -0.061 -0.454 -0.612 -0.285
(2.34) (0.97) (3.44) (0.19) (1.93) (2.67) -
VI
Continued-
NACH
Table4 - Continued
IndependentVariables
F-Value
R2
StandardErrorof Regression5
Lostdegreesof Freedom
Numberof Observations
MeanandStandardDev.of
Dep.Var.
Logof Likelihood
Numberof Limit Observations
1figuresin bracketsdenotet-statisticsin all columns.
20LS standsfor ordinaryleastsquares;2SLS for 2-stageleastsquares;SST for single-stageTobits;and2ST for two-stageTobits.
3Theseareall reducedfromestimatestogetpredictedvaluesof theendogenousvariables.
4Recallthat mH and mw areestimatedfrom probit analysis.The estimatesof theseunderlyingequationsarenot reportedhere.Such
equationsutilizedall variablesexceptNACH asexplanatoryvariables.
5Boththeestimateof thestandarderrorandtheR2 areadjustedfor degreesof freedom.
-
0\
Two StageLeast HeckmanTwo-StageEstimates4 TheTwo-StageTobit Esti-
SquaresEstimates mates
OLS3 2SLS OLS3 2SLS 2SLS ssr 2ST PartialDerivatives
atPointofMeans
6.203 0.496 0.534 - 3.289 1.532
(1.20) (1.68) (2.51) (1.83)
37.612 27.614 10.32 ID.42 11.75
0.52 0.52 0.45 0.42 0.42
1.58 1.58 1.440 1.746 1.742 2.648 2.664
8 8 10 9 8 8 8
804 804 377 377 377 804 804
1.387 1.387 2.958 2.958 2.958 1.387 1.387
;:
1:1
(1.834) (1.834) (1.589) (1.589) {1.589) (1.834) (1.834) S.
-1129 -1129
t'.I
';.
427 427 "'
IS:
S.
Table 5
Demandfor AdditionalChildrenin PakistaniHusbands:
SimultaneousEquationEstimatesl,2
Two StageLeast.Squares HeckmanTwo-Stage
TheTwo-StageTobitEstimates
Estimates Estimates4
IndependentVariables OLS3 2SLS OLS3 2SLS ssr3
2ST PartialDerivatives
atPointof Means
Intercept
3.70 3.511 4.785 4.818
4.019 4.680 2.511 0
(5.48) (7.59)
"'.
ADH -0.012
- -0.418 - 0.055
- -
(0.15) (1.59) (0.38)
ADW 0.011
- -0.582 - 0.056
- ;:<:)"
(0.09) (1.64)
(0.26)
AF -0.058
-0.051 -0.155 -0.094 -0.080
-0.073 -0.039 .:;
(4.74) (3.11) (5.25) (1.68)
(3.55) (3.35)
;t:..
A 0.017
- 0.095 - 0.035
- ::.-
(0.74) (2.06)
(0.37)
c'
[
B -0.328
-0.294 -1.661 -1.226 -0.917 -0.942
-0.504
Q
(6.75) (2.91) (5.11) (1.73) (8.99)
(9.39)
G -0.205 -0.189
-1.043 -0.738 -0.463 -0.485
-0.260 "';:
(4.14) (2.63) (6.18) (1.65)
(4.62) (5.03)
EM -0.000
0.000 -0.007 -0.000 -0.000 0.001
0.000
(0.19) (0.09) (2.47) (0.05) (0.09)
(0.19)
mW
- - 4.425 -
(1.65)
mH
- - 2.215 3.474
(0.70) (1.21)
U -0.274 -0.248
-0.935 -0.738 -0.457 -0.459
-0.246
(2.29) (1.93) (4.40) (1.88)
(2.08) (2.12) --.1
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Figure1: TheSimultaneous-EquationM del
Thetwo-stageTobitestimatesalongwiththepartialderivativesvaluatedat
themeansaregivenin thelasttwocolumnsof eachof Tables4 and5. Giventhese
estimates,wecanaskthefollowingquestions:
(a) Havewe gainedanythingfromusingthesesophisticatedtechniquesin
preferencetothemethodof two-stagel astsquares?
(b) Howmuchdifferenceis therebetweenstructuralandreduced.formesti-
mates?
(c) How do the Tobit estimatescomparewiththeprobitestimatesof the
simultaneous-equationm del,i.e.dowegainanythingfromincorporating
theadditionalinformationofNAC;?
(d) Howdo theTobittwo-stagestimatescomparewiththeHeckmantwo.
stagestimates?
Weleaveit to theint7restedreaderto answerquestions(a),(b)and(d)for
himself.Weonlypointoutthatit isanaffirmativeanswertoquestion(c)thatmakes
our analysisworthwhile.In our previouswork on the probitmodel[13], we
concluded
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In summary,wecandrawthefollowingconclusionsrelatingto husband.wife
interactionandsonpreference:
r----O-V') -0'<t'<tr- -. 0\
<o <r-r-r-i <- r- '-'""
r- ---N "" "" - 0
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00 ---
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'<t 0 '-'
00
00 ---
1,0 - 00 1,0 ""
V') V') V') '<t 00
vi 0 < 00 '<t < <
"" 0 '-'
00
"thatnot onevariableotherthanthehusband'sdemandfor additional
childrenisasignificantfactorinexplainingthewife'sdemand.Indeed,the
highest.statisticamongtheremainingdeterminantsis0.53.Thesituation
is somewhatbetteron thehusband'sside.In additionto wife'sdemand,
theageofwife,thenumberofboys,and,toalesserextent,thenumberof
girlsaresignificantdeterminantsofhusband'sdemands."
It is clearthattheseconclusionshaveto be drasticallyrevisedonthewife's
side.Thereishusband-wifeinteractionbutit isfarfrombeingsostronglyrecursive
aswesupposedfromourprobitestimates.A moredetailedcomparisonislefttothe
reader.
5. CONCLUDING REMARKS
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1. A one-unitincreasein thenumberof childrendesiredby thehusband
causes,ceterisparibus,an increaseof 1.5 in theexpectednumberof
childrendesiredbythewife. Thiscoefficienthasat-statisticof 1.83.
Thenumberof childrendesiredby thewifehasnoeffectonthenumber
of thosedesiredbythehusband.
Thegreaterthenumberof livingsonsor livingdaughters,thesmallerthe
expectednumberof childrendesiredby thehusbandandthewife,every-
thingelseremainingconstant.
Thenegativeinducementdueto thenumberof livingsonsonthedesired
numberof additionalchildrenis abouttwotimesthatduetothenumber
of livingdaughters.Thisis astruefor wives'responsesasfor theirhus-
bands'.
2.
3.
4.
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